In this paper, a comprehensive investigation on application Artificial Neural These signals can be used as useful predictors for monsoon rainfall at the southeastern part of Iran. The results show that considering a set of predictors developed in this study could significantly increase the accuracy of long-lead precipitation forecasting in the study area using ANN models.
The summer monsoon is one of the dynamic climate systems and the livelihood of more than 60 percent of the world's population depends on them. Furthermore, the Asian summer monsoon is a key component of the earth's climate system, having important teleconnections with global weather and climate in Iran and delivers a component of annual rainfall in the southeastern part of Iran. The sum of rainfall during the month of July, August and September is the seasonal monsoon in southeastern part of Iran. Many investigations have been done to understand the relation between monsoons and other global phenomenas and large scale climate signals such as El Nino southern oscillation, (SST), (SLP) and other large scale climate signals. (Karamouz et al., 2006) Following the Great Indian Drought of 1877, Blanford, who established the Indian Meteorological Department in 1875, forecasted Indian monsoon rainfall in 1884.
Later, in the early part of the 20th century, Walker initiated extensive studies of global teleconnections which led him to the discovery of Southern Oscillation. Walker introduced the concept of correlation for long-range forecasting of Asian summer monsoon and his findings are relevant even today (Krishna Kumar et al., 2004) . The models established later by Gowariker et al. (1989) , Thapliyal (1990) , and Sahai et al. (2003) belong to the category of Walker's studies. Among these, the model of Sahai et al. (2003) , which links global SST with Indian monsoon seasonal data, appears to be the most successful.
Artificial Neural Networks (ANNs) have proven to be an efficient alternative to traditional methods for modeling qualitative and quantitative water resource variables (Karunanithi et al. 1994; Smith and Eli 1995; Maier and Dandy 1996; Shamseldin 1997; Clair and Ehrman 1998) . A successful work of ANNs application in rainfall forecasting is the study done by French et al. (1992) , who applied a neural network to forecast one-hour-ahead, two-dimensional rainfall fields on a regular grid. Toth et al. (2000) investigated the capability of ANNs in short-term rainfall forecasting using past rainfall depths as the only input information.
In the present study, the emphasis is on long-lead rainfall forecasting which is referred to forecasts as 1 month to 6 month ahead forecast. Most of ANNs applications in hydrology have used feed forward neural networks, namely the standard multilayer perceptron (MLP) trained with the back-propagation algorithm (Coulibaly et al., 1999) . MLP is a static and memoryless network and even though it is the most widely World Environmental and Water Resources Congress 2007: Restoring Our Natural Habitat © 2007 ASCE used for water resource variables prediction which often yields suboptimal solutions.
In fact, the MLP model does not perform temporal processing and the input vector space does not consider the temporal relationship of the inputs (Giles et al. 1997) .
In this study, attempts have been made to explore the relationship between Iran summer monsoon rainfall and SLP at certain points in India, Arabian Sea, Oman Sea, Pakistan and Iran to find predictors for forecasting precipitation in the study area.
After finding predictors of Iran summer monsoon rainfall, static and dynamic ANN models have been developed for rainfall forecasting based on these predictors.
2-Study area
The study area ( 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 Table 1 . In this study the following indexes considered as indicators of summer precipitation in the study area. 
Sea surface temperature (SST)
The Oman Sea, Arabian Sea and the east of Oman Sea are selected for determining long-lead rainfall predictors. The relation between long-term records of SST in the months of July to June of the following year at selected points and the total average precipitation in the proceeding months of July through September in the study area is Table 2. This table   also shows the maximum correlation between SST of studied regions and monsoon rainfall of the study area. According to Table 2, 
Summer precipitation Indicators
Results show that the following indices can be considered as indicators of summer precipitation in the study area: Table 3 . Input data of ANN models are signals discussed in section 3.3. To quantify the ANNs performance, RMSE (Root Mean Square Error) and MAE (Mean Absolute Error) have been calculated (Table 2 ). These two statistics show that MLP model has better performance. The results of summer Monsoon rainfall forecasting with the selected ANN model, has been shown in Figure 3 . This figure shows the acceptable ability of these three ANN models for rainfall prediction. But it must be noted that some times models predictions are overestimated. To better understand model performance, some error tolerances are defined. For this purpose, error is calculated as follows: Table 4 for different ANN models. 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 Table 4 , MLP can predict 50% of time within 30% of the observed rainfall. This range could be reduced for the months of August and September once the rainfall data for July is observed. 
Conclusion
This study is an extension of Karamouz et al. (2006) 
